
F DESCRIPTION OF THE FIGURES

Figure L The nucleotide sequence of the GFP gene from Aequorea victoria {111 bp)

[SEQ ID NO. 1]. The start codon and stop codon are underlined.

Figure 2. The nucleotide sequence of the FtsZ gene from E. coli (1 152 bp) [SEQ ID

NO. 2]. The start codon and stop codon are underlined.

Figure 3. Graphical map of the plasmid pTYB 1 . Arrows indicate approximate

length of the genes/elements and their orientation, amp-resistance: beta-lactamase gene

encoding for ampicillin resistance. M13 ori: origin of replication for the phage Ml 3. ColEl ori:

ColEl origin of replication for E. coli. lacl: lac-repressor for IPTG-induced control of

T7-promoter.

Figure 4. Flanking and internal regions of the hybrid polypeptide formed by fusion

of FtsZ and GFP. RBS: ribosome binding site.

Figure 5. Purification and cleavage of a hybrid polypeptide formed by fusion of GFP

and FtsZ as analysed by SDS-PAGE (12.5 (w/v) polyaerylamide). Lane M contains a pre-stained

broad-range molecular size marker (Bio-Rad) with corresponding sizes on the left. Lane 1 shows

that the cleared cell lysate contains a strongly overexpressed band (see upper arrow) of estimated

molecular weight of 67 kDa, corresponding well with the combined mass of FtsZ (40.2 kDa) and

GFP (27 kDa). Lane 2 shows the supernatant after the first centrifugation step and after addition

of MgCl2 ,
CaCl2 and GTP. Lane 3 contains a sample of the resuspended pellet after the first

centrifugation step and after addition of MgCl2 ,
CaCl2 and GTP and shows clearly that the hybrid

polypeptide is purified in the pellet. Lane 4 contains a sample of the supernatant after

ice-incubation and the second centrifugation and shows clearly that the hybrid polypeptide has

been dissociated. Lane 5 contains a sample of the resuspended pellet after the second

centrifugation and shows that the hybrid polypeptide is no longer in the pellet. Lane 6 shows the



cleavage of the hybrid polypeptide into GFP (lowest arrow) and FtsZ (second lowest arrow)

through the action of the Prescission™ protease (46 KDa; see second arrow from top).

Figure 6. Gene-sequence of the human rhinovirus type 14 genome encoding for the

protease 3C [SEQ ID NO. 3].

Figure 7. Flanking and internal regions of the hybrid polypeptide formed by fusion

of E.coli FtsZ and HRP protease 3C (HRP3C). RBS: ribosome binding site.

Figure <5. Purification of a hybrid polypeptide formed by fusion of HRP protease 3C

and FtsZ as analysed by SDS-PAGE (12.5 (w/v) polyaerylamide). Lane M contains a pre-stained

broad-range molecular size marker (Bio-Rad) with corresponding sizes on the left. Lane 1 shows

that the cleared cell lysate contains a strongly overexpressed band (see arrow) of estimated

molecular weight of 60 kDa, corresponding well with the combined mass of FtsZ (40.2 kDa) and

HRP protease 3C (20 kDa). Lane 2 shows the supernatant after the first centrifugation step and

after addition of MgCl2 ,
CaCl2 and GTP. Lane 3 contains a sample of the resuspended pellet after

the first centrifugation step and after addition of MgCl2 ,
CaCl2 and GTP and shows clearly that

the hybrid polypeptide is purified in the pellet. Lane 4 contains a sample of the supernatant after

ice-incubation and the second centrifugation and shows clearly that the hybrid polypeptide has

been dissociated.

Figure 9. Cleavage of a hybrid polypeptide (formed by fusion of GFP and FtsZ) by a

protease hybrid polypeptide (formed by fusion of HRV protease 3C and FtsZ) and subsequent

purification as analysed by SDS-PAGE (15% (w/v) polyaerylamide). Lane M contains a pre-

stained broad-range molecular size marker (Bio-Rad) with corresponding sizes on the left. Lane 1

and 2 show the purified hybrid polypeptide and protease hybrid polypeptide (top arrow),

respectively. Lane 3 contains a sample of the protease treatment before the addition of MgCl2 ,



CaCl2 and GTP. Lane 4 contains a sample of the supernatant after the centrifugation and addition

of MgCl2 ,
CaCl2 and GTP and shows the purified GFP-protein at around 27 kDa (lower arrow).

Lane 5 contains a sample of the resuspended pellet after the centrifugation and addition of MgCl2 ,

CaCl2 and GTP and shows that the protease hybrid polypeptide (top arrow) and the cleaved FtsZ

protein (middle arrow) have been polymerised and removed.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process of sequesting and/or purifying a polypeptide of

interest using a polymerisable polypeptide. It has surprisingly been found that when a

polypeptide of interest is linked to a polymerisable polypeptide such as a self-polymerising

protein, the resultant hybrid polypeptide can be polymerised and, if required, purified.

Recombinant DNA technology can be used to link the polypeptide of interest and the

polymerisable polypeptide. For example, DNA encoding a polypeptide of interest can be fused

to DNA encoding the polymerisable polypeptide. The fused DNA can be inserted into a cloning

vector and an appropriate host transformed. Upon expression, a hybrid polypeptide or fused

protein is produced which can be purified by, for example, induced and controlled polymerisation

of the hybrid polypeptide and subsequent physical separation based on mass and/or size. The

hybrid polypeptide so purified may in certain instances be useful in its hybrid form, or it may be

cleaved to provide the polypeptide of interest itself which can be purified alone.

The present invention may be carried out in a manner that removes the requirement for a

purification matrix. For example, the hybrid polypeptide can be isolated and purified directly,

eg. from a crude cellular extract or culture medium, simply by inducing controlled polymerisation



and subsequent physical separation based on mass and/or size (such as centrifugation or

filtration).

While the polypeptide of interest (or target protein) may be useful in its hybrid form, it may

also be desirable to separate or cleave the polymerisable polypeptide (eg a self-polymerising

protein) away from the polypeptide of interest. This may be accomplished in a variety of ways.

For example, a DNA fragment coding for a linker polypeptide (or a predetermined peptide) may

be employed to link the DNA fragments coding for the polymerisable polypeptide and

polypeptide of interest. The linker polypeptide is preferably one which comprises, or consists of,

a region recognized and cleaved by a proteolytic agent such that it cuts the hybrid polypeptide at

or near the polypeptide of interest - preferably without interfering with the biological activity of

the polypeptide of interest. The linker polypeptide, in addition to providing a convenient

proteolytic cleavage site, may also serve as a cloning site or polylinker, ie. by providing multiple

DNA restriction sites to facilitate fusion of the DNA fragments coding for the polypeptide of

interest and the polymerisable polypeptide, and/or as a spacer which separates the polypeptide of

interest and the polymerisable polypeptide and thus, for example, allows access by the proteolytic

agent to cleave the hybrid polypeptide. Other linker polypeptides contemplated by the present

invention include recognition sites for chemical cleavage (eg. by cyanide bromide) or

self-cleavable protein elements like inteins (Xu et aL, 2000).

Polymerisable polypeptides which may be employed in accordance with the present

invention include self-polymerising proteins such as prokaryotic cell division proteins, like FtsZ,

and eukaryotic proteins of the cytoskeleton, like tubulin or actin (Bi & Lutkenhaus, 1991;

Bramhill & Thompson, 1994; Erickson et aL, 1996; Lallo etaL, 1999; Lowe & Amos, 1998;

Mukherjee& Lutkenhaus, 1998; Mukherjee & Lutkenhaus, 1999; Yu & Margolin, 1997). The



preferred polymerisable polypeptide for practising the present invention is the prokaryotic FtsZ

protein or variant thereof. These proteins polymerise under controllable, defined conditions to

provide polymeric structures such as fibres, filaments or networks (Lowe & Amos, 1999;

Mukherjee &Lutkenhaus, 1999; Yu & Margolin, 1997). Conditions to induce polymerisation

include, for example, physical parameters (eg. temperature or concentration) and chemical

parameters (eg. pH value, presence of salts or organic compounds).

The so-generated multimeric structures have properties distinct from those of the

monomelic form of the proteins - one such property being their greatly increased size and mass.

These differences can be utilised to separate the hybrid polypeptide in either its monomelic or

multimeric form from other host cell compounds such as other cellular proteins, membranes,

nucleic acids or small molecules. Methods of separation include any physical method

distinguishing between size and/or mass (eg. centrifugation, filtration, dialysis etc.). If the

polymerisation process is reversible (ie. by dissociation of the multimeric structures into

monomers) the separation process can be performed repetitively to progressively increase

purification levels.

As indicated above, proteolytic agents may be used to cleave the polypeptide of interest

from the polymerisable polypeptide. In accordance with the present invention, the proteolytic

agent may be fused or linked to the hybrid polypeptide. Preferably it is fused or linked adjacent

the polymerisable polypeptide. Hence, the proteolytic agent can be used to cleave the

polypeptide of interest from the polymerisable polypeptide and the proteolytic agent can

subsequently be removed by polymerising the polymerisable polypeptide (with the proteolytic

agent attached) followed by physical separation of the polymerised product from the polypeptide

of interest using techniques mentioned above.



Preferred embodiments of the invention will now be described, by way of example only,

with reference to the accompanying Figures. An overview of the experimental procedure is

provided followed by the actual experimental data.

I. Preparation of Vector

(a) The DNA (deoxyribonucleic acid) encoding for the desired polymerisable

polypeptide eg. a self-polymerising protein, is purified.

(b) The DNA is inserted into a suitable cloning vector with a selectable marker and the

mixture is used to transform an appropriate host such as E. coli.

(c) The transformants are selected based on, for example, their resistance to antibiotics or

other phenotypic characteristic conferred by the selectable marker.

(d) The plasmid DNA is prepared from the selected transformants.

(e) The polymerising properties of the polypeptide are determined.

(f) The flanking regions of the gene encoding the polymerisable polypeptide can be

manipulated using standard genetic techniques to generate suitable multiple cloning

sites, ie. DNA regions encoding recognition sites of proteolytic agents or other

elements of similar function.

II. Insertion of DNA Coding for the Polypeptide of Interest into the Vector

(a) The DNA encoding the polypeptide of interest (or target protein) is purified.

(b) This DNA fragment is inserted into the vector described in I above by standard

genetic techniques so that an in-frame fusion is formed between the DNA fragment

coding for the polypeptide of interest and for the DNA fragment coding for the

polymerisable polypeptide.

(c) The vector containing this hybrid nucleic acid is introduced into an appropriate host.



III. Expression and Purification of the Hybrid Polypeptide

(a) The host cell containing the hybrid nucleic acid described in II above is cultured.

(b) Expression of the hybrid polypeptide is induced by conventional methods.

(c) A cell extract containing the expressed hybrid polypeptide is prepared by standard

techniques.

(d) Insoluble compounds may be removed from the cell extract by centrifugation or

comparable techniques.

(e) Polymerisation of the hybrid polypeptide is induced in the (cleared) cell extract

through defined chemical and/or physical conditions.

(f) The polymerised hybrid polypeptide is separated from other constituents of the cell

extract by physical methods differentiating on the basis of size and/or mass

(eg. centrifugation).

(g) Dissociation (depolymerisation) of the hybrid polypeptide is induced through defined

chemical and/or physical conditions.

(h) The dissociated hybrid polypeptide is separated from other contaminating compounds

by physical methods differentiating on the basis of size and/or mass

(eg. centrifugation).

Steps (e) to (h) may be repeated until a suitable purification level of the hybrid polypeptide

is reached. For some applications, a first polymerisation without further

dissociation/polymerisation will be sufficient.

IV. Cleavage of the Hybrid Polypeptide and Separation of the Polypeptide of Interest



(a) The polypeptide of interest is released from the hybrid polypeptide by addition of a

proteolytic agent to the purified hybrid polypeptide. The hybrid polypeptide is

preferably in its dissociated form when the proteolytic agent is active. Preferably the

proteolytic agent itself is fused or linked to the polymerising polypeptide. Linkage

may be by a linker polypeptide.

(b) Re-polymerisation of the dissociated polymerisable polypeptide and the proteolytic

agent fused or linked to the polymerisable polypeptide is induced through defined

chemical and/or physical conditions.

(c) The polymerised polymerisable polypeptide fused to the proteolytic agent may be

separated from the polypeptide of interest by physical methods differentiating on the

basis of size and/or mass (eg. centrifugation).

Polymerisable Polypeptide

The polymerisable polypeptide may be a self-polymerising protein, for example, a

prokaryotic cell division protein like FtsZ or a eukaryotic protein of the cytoskeleton like tubulin

or actin. The preferred protein for practising the present invention is the prokaryotic FtsZ protein

or variation thereof.

The product of the prokaryotic geneftsZ of E. coli, ie the protein FtsZ, is part of the cell

division ring, which occurs during the formation of two daughter cells during cell division (Bi &

Lutkenhaus, 1991). The FtsZ protein is a GTPase (GTP hydrolysing enzyme) that is essential for

cell division in E. coli, FtsZ in its monomelic form is 40.3 kDa large and approximately 4-5 nm

in diameter. FtsZ has been shown to polymerise in vitro into long filaments upon hydrolysis of

GTP (Bramhill & Thompson, 1994). These filaments can be so-called protofilaments with a

diameter of 4-5 nm or protofilament bundles and networks with sizes greater than 1 mm and



weights of several thousands kDa (Yu & Margolin, 1997). These large, multimeric structures can

be separated from the monomeric FtsZ by centrifugation. The FtsZ-filaments dissociate upon

depletion or removal of GTP into the monomeric form (Bramhill & Thompson, 1994). In

addition, FtsZ-filaments can be stabilised by divalent cations such as calcium even after GTP has

been depleted. Further, dissociation can be achieved again through subsequent removal of the

divalent cation (Yu & Margolin, 1997). FtsZ has been also been converted into an ATPase (ATP

hydrolysing enzyme) through protein engineering techniques and opens therefore the possibility

to replace GTP by ATP in the present invention (RayChaudhuri & Park, 1994).

The present invention also contemplates the use of other mutants of FtsZ with altered

polymerisation and/or GTPase properties. For example, replacement of the aspartate residue with

a cysteine or asparagine residue at position 212 of E. coli FtsZ allows for a solely cation-induced

polymerisation (ie without the addition of GTP). The polymerisation of this mutant protein can

be induced by magnesium, calcium, nickel, cobalt, zinc or manganese and is reversible after the

removal of the cation (Scheffer et al. 9 2001). Other mutations in FtsZ at positions 70 (alanine to

threonine), 209 (aspartate to alanine) or 269 (aspartate to alanine) also showed reduced GTPase

activity but retained wild-type polymerisation properties (Lu et al. 9 2001).

Linker Polypeptide

A DNA fragment coding for a linker polypeptide (or predetermined peptide) may be

employed to link the DNA fragments coding for the polymerisable polypeptide and the

polypeptide of interest. The linker polypeptide is preferably one which is recognized and cleaved

by a proteolytic agent such that it cuts the hybrid polypeptide without interfering with the

biological or chemical activity of the polypeptide of interest and the polymerisable polypeptide.

One such linker polypeptide is described in Cordingley et al. (Cordingley et al. y 1990). The



amino acid sequence of the recognition site is Leu-Glu-Val-Leu-Phe-Gln-Gly-Pro and it is

cleaved between the glutamine and the glycine residues by the 3C-protease from human

rhinovirus type 14 (HRV protease 3C). Other examples of proteases (and their corresponding

recognition sites) are thrombin (Leu-Val-Pro-Arg-Gly-Ser), Factor Xa (Ile-Glu-Gly-Arg) and

enterokinase (Asp-Asp-Asp-Asp-Lys)

.

As noted above, the linker polypeptide in addition to providing a convenient proteolytic

cleavage site, may also serve as a (multiple) cloning site, ie. by providing multiple restriction

sites to facilitate fusion of the DNA fragments coding for the polypeptide of interest and the

polymerisable polypeptide, and/or as a spacer which separates the polypeptide of interest and the

polymerisable polypeptide. The spacer may allow access by the proteolytic agent to cleave the

hybrid polypeptide or avoid unfavourable steric interference between the polypeptide of interest

and the polymerisable polypeptide.

Other linker polypeptides contemplated by the present invention comprise recognition

sites for chemical cleavage (eg. by cyanide bromide) or self-cleavable protein elements like

inteins (Xu etal., 2000).

Polypeptide of Interest

The present invention can be applied to any polypeptide of interest. Such polypeptides

may be proteins including enzymes such as endonucleases, methylases, oxidoreductases,

transferases, hydrolases, lysases, isomerases or ligases.

The present invention also contemplates the use of the invention in respect of proteins,

such as ferritin or ovalbumin or transport proteins, such as hemoglobin, serum albumin or

ceruloplasmin.



The present invention also contemplates the use of the invention in respect of antigens or

antigenic determinants which can be used in the preparation of vaccines or diagnostic reagents.

The present invention also contemplates the use of the invention in respect of proteins that

serve a protective or defence function, such as the blood protein thrombin and fibrinogen. Other

protective proteins which may be used include the binding proteins, such as antibodies or

immunoglobulins that bind to and thus neutralise antigens.

The proteins to which the present invention may be applied may also encompass various

hormones such as Human Growth Hormone, somatostatin, prolactin, estrone, progesterone,

melanocyte, thyrotropin, calcitonin, gonadotropin and insulin. Other such hormones include

those that have been identified as being involved in the immune system, such as interleukin 1

,

interleukin 2, colony stimulating factor, macrophage-activating factor and interferon.

Proteins that serve as structural elements may also be used in the present invention. Such

proteins include, for example, the fibrous proteins collagen, elastin and alpha-keratin. Other

structural proteins which may be used in the present invention include, for example,

glyco-protein, virus-protein and muco-protein.

It is also contemplated that the method of the invention may be applied to a number of

polypeptides of interest (eg. open reading frames of an organism) whereby the polypeptides may

be purified simultaneously in a multichannel apparatus such as a microtitre plate coupled with a

microtitre plate centrifuge or a manifold filter apparatus.

In addition to the above-noted naturally occurring proteins, the present invention may be

employed to sequester and/or purify synthetic polypeptides or proteins defined generally as any

sequence of amino acids not occurring in nature.

Preparation of Hybrid Nucleic Acid and Expression Vectors



Various procedures and materials for preparing recombinant vectors, transforming host

cells with the vectors, replicating the vectors and expressing polypeptides and proteins will be

known to the skilled addressee - some of which are discussed by Sambrook et al. (Sambrook et

a/., 1989).

In practising the present invention, various cloning vectors may be utilised. Although the

preferred vector is a plasmid, the skilled addressee will appreciate that the vector may also be, for

example, a phage or a virus. If a plasmid is employed, it may be obtained, for example, from a

natural source or may be artificially synthesised. The plasmid chosen is preferably compatible

with the particular cells serving as the host, whether they be, for example, bacterial (such as E.

coli), fungal (yeast) or others.

The plasmid may also have a suitable origin of replication (replicon) for the particular host

cell chosen.

The plasmid cloning vector preferably includes restriction enzyme sites to allow for

cleavage of the plasmid for subsequent ligation with the foreign genes without causing

inactivation of the replicon and also providing suitable ligatable termini that are complementary

to the termini of the foreign genes being inserted. To this end, it would be useful for the plasmid

to have single substrate sites for a large number of restriction endonucleases.

Moreover, the plasmid should preferably have a phenotypic property that will enable the

transformed host cells to be readily identified and separated from cells which do not undergo

transformation. Such phenotypic selection genes may include genes providing resistance to a

growth inhibiting substance, such as an antibiotic. Plasmids are now widely available that

include genes resistant to various antibiotics, such as tetracycline, streptomycin, sulfa-drugs, and



ampicillin. When host cells are grown in a medium containing one of these antibiotics, only

transformants having the appropriate resistant gene will survive.

To prepare the chosen plasmid for ligation, it is preferably digested with a restriction

endonuclease to produce a linear segment(s) in which the two DNA strands are cleaved at closely

adjacent sites to produce cohesive termini ("sticky ends") bearing 5'-phosphate- and 3'-hydroxyl

groups, thereby facilitating ligation with the foreign genes. For the plasmids identified above,

restriction endonucleases will produce this result.

Certain restriction enzymes (PvuII, Smal ) may result in the formation of blunt ends. The

blunt ends of the plasmid can be joined to the foreign genes with T4 DNA ligase. The methods

and materials for achieving efficient cleavage and ligation are well known in the art.

Prior to being joined with the selected cloning vector, it is desirable that the foreign genes

coding for the polymerisable polypeptide and the polypeptide of interest be first joined together

to form a hybrid nucleic acid. Ideally, the nucleic acids encoding the polypeptide of interest and

the polymerisable polypeptide are treated with the same restriction endonuclease used to cleave

the plasmid vector so that the termini will be compatible with the corresponding termini of the

plasmid. The nucleic acids may also be treated with a second, different restriction endonuclease

to prepare the appropriate ends of the nucleic acids for ligation to each other.

The nucleic acids may then be ligated to the linearized plasmid fragment in a solution

with DNA ligase. After incubation, the recircularized plasmid having the correct orientation of

the cointegrated genes can be identified by standard techniques such as, for example, gel

electrophoresis.

Transformation of Recombinant Plasmid



The recombinant DNA plasmids, as prepared above, may be used for the transformation

of host cells. Although the host cell may be any appropriate prokaryotic or eukaryotic cell,

preferably it is a well-defined bacterium, such as E. coli or a yeast strain. Both such hosts are

readily transformed and capable of rapid growth in fermentation cultures. Cells from other

organisms can be employed, for instance fungi and algae. In addition, other forms of bacteria

such as Salmonella or Pneumococcus may also be useful. The host is preferably one that has the

necessary biochemical pathways for phenotypic expression and other functions for proper

expression of the hybrid polypeptide. The techniques for transforming recombinant plasmids

into E. coli strains are widely known. A typical protocol is set forth in Sambrook et al.

(Sambrook et al, 1989).

In transformation protocols, generally only a portion of the host cells is actually

transformed, due to limited plasmid uptake by the cells. Thus, before transformants are isolated,

the host cells used in the transformation protocol typically are multiplied in an appropriate

medium. The cells that actually have been transformed can be identified by placing the original

culture on agar plates containing a suitable growth medium containing the phenotypic identifier,

such as an antibiotic. Only those cells that have the correct antibiotic resistance gene will

survive. Cells from the colonies that survive can be lysed and then the plasmid isolated from the

lysate. The plasmid thus isolated can be characterised, eg. by digestion with restriction

endonucleases and subsequent gel electrophoresis or by other standard methods.

Once transformed cells are identified, they can be multiplied by established techniques,

such as by fermentation. In addition, the recovered cloned recombinant plasmids can be used to

transform other strains of bacteria or other types of host cells for large-scale replication and

expression of the hybrid polypeptide comprising the polypeptide of interest.



Purification of the Hybrid Polypeptide

The hybrid polypeptide may be released from the host cell by appropriate lysis techniques

that are able to destroy the cell membrane or cell wall structure of the host cell. These include,

but are not restricted to, physical methods such as freeze-thawing, french press rupturing, bead

beating, sonication, or chemical-enzymatic systems such as lysozyme-treatment or

detergent-lysis. The skilled addressee will be aware ofmany such techniques - some of which

are discussed by Deutscher (Deutscher, 1990).

Polymerisation of the hybrid polypeptide may be induced in the host cell lysate cell

extract through defined chemical and/or physical conditions. For example, for a hybrid

polypeptide comprising E. coli FtsZ as the polymerisable polypeptide this can be done through

the addition of GTP, magnesium chloride and calcium chloride and incubation at 37°C.

Filaments, bundles or networks containing polymerised hybrid polypeptide may be

separated from smaller compounds of the cell lysate by physical techniques discriminating on the

basis of size and/or weight. Preferably a method and its parameters are chosen in such a way that

the size and/or weight cut-off is close to the size and/or weight of the filaments, bundles or

networks produced under the given conditions of polymerisation. The skilled addressee will note

that the technique of centrifugation provides a wide range of size and/or weight cut-offs through

variation of rotational force and/or time. For example, filaments, bundles or networks containing

polymerised hybrid polypeptide comprising E. coli FtsZ can be readily recovered by 20 min

centrifugation at 20 000 x g. Other preferred methods of separation include differential

sedimentation, filtration, dialysis and flow sorting.

The polymerisation products can be subsequently dissociated through changes in the

defined chemical and/or physical conditions. For example, for polymerised hybrid polypeptides



comprising E. coli FtsZ as the polymerisable polypeptide this can be done through the removal of

GTP and calcium chloride and incubation at 4°C. Methods to remove or diminish chemical

substances include, for example, dialysis, dilution, absorption, enzymatic or chemical degradation

used alone or in combination and are known to the skilled addressee.

The dissociated hybrid polypeptide may be separated from larger compounds by physical

techniques discriminating on the basis of size and/or weight and techniques suitable are

mentioned above.

It is a preferred feature of the present invention that the polymerisation and dissociation of

the hybrid polypeptide be repeated in an alternating fashion so that substances larger and smaller

than the hybrid polypeptide are removed. This alternating/cycling between the two physical

states of the hybrid polypeptide (large, assembled state and small, dissociated state) can thus be

repeated until desired purification levels are achieved.

While repetitive cycling as described above may provide high purity, sufficient

purification levels might already be achieved after one initial polymerisation. It is therefore also

contemplated that cleavage and release of the polypeptide of interest can take place directly after

this stage. As such, polymerisable polypeptides encompassed in the present invention also

include those which polymerise in an irreversible way or those for which polymerisation

conditions can be set such that dissociation is not possible.

Separation of the Polypeptide of Interest from the Hybrid Polypeptide

The hybrid polypeptide purified as described above may be cleaved, for example, by

sequence specific proteases such as a HRV protease 3C or by discrete chemical cleavage, such as

cyanogen bromide. The proteolytic agent or chemical cleavage agent and the polymerisable

polypeptide cleaved from the hybrid polypeptide can be separated from the polypeptide of



interest by suitable protein purification methods such as described by Deutscher (Deutscher

1990).

Alternatively, the proteolytic agent itselfmay be fused to a polymerisable polypeptide

which may be the same as the polymerisable polypeptide fused to the polypeptide of interest.

This protease hybrid polypeptide can be produced and purified in the same manner as described

for the hybrid polypeptide mentioned above. The protease hybrid polypeptide can be used to

cleave the hybrid polypeptide between the polymerisable polypeptide and the polypeptide of

interest releasing the two polypeptides. The protease hybrid polypeptide and the released

polymerisable polypeptide can be separated from the released polypeptide of interest using the

polymerising properties of the polymerisable polypeptide(s) and physical separation technique as

described above.

The Examples below describe specific exemplary protocols to illustrate the invention.

EXAMPLE 1

This example describes a method of cloning, expressing and purifying a hybrid

polypeptide (formed by fusion of Aequorea victoria green fluorescent protein (GFP) and E. coli

FtsZ) and its proteolytic cleavage. The GFP is a representative "polypeptide of interest" and the

FtsZ is a polymerisable polypeptide,

(a) Preparation of the Vector

The gene encoding the green fluorescent protein (GFP) from Aequorea victoria was fused

with the gene encoding the FtsZ protein from E. coli. This chimeric construct (hybrid nucleic

acid) was then cloned into a modified vector based on the vector pTYBl (New England Biolabs,

Beverly, MA, USA). The protocols used were as follows:



The GFP gene was amplified from a mini-TNIO transposon containing a promoterless

GFP gene by polymerase chain reaction (PCR) with primers incorporating endonuclease

restriction sites immediately upstream and downstream of the gene. The full sequence of the

GFP gene can be found in Figure 1. The PCR-conditions were as follows: 1 ng of mini-TnlO

transposon DNA was used as a template. The PCR buffer contained 10 mM

tris(hydroxymethyl)aminomethyl hydrochloride (Tris-HCl) (pH 9 at 25°C), 50 mM potassium

chloride (KC1) and 0.1 % (v/v) TritonX-100, 2.5 mM magnesium chloride (MgCl2), 0.4 mM of

dNTP, 1 unit Taq DNA polymerase (Promega, Madison, WI, USA) and 0.1 unit of Pfu DNA

polymerase (Promega) in a 20 microliter reaction volume. The PCR primers were GFPBsp (5'

ATCATGAGTAAAGGAGAAGAACTTTTC 3') [SEQ ID NO. 4] incorporating a BspHl site

(underlined) and GFPBam (5' AGGATCCTTATTTGTATAGTTCATCCATG 3') [SEQ ID NO.

5] incorporating a BamHI site (underlined) and were added in a concentration of 0.5 micromolar.

The PCR reaction mixture (without the polymerase) was heated to 95°C for 1 min and then at

80°C for 1 min at which point the DNA polymerase mix was added. The mixture was then

heated for 25 cycles at 95°C for 15 sec, 50°C for 20 sec and 72°C for 1 min. A final 7 min cycle

at 72°C followed this. One microlitre of the reaction mix was cloned into the vector pCR®-Blunt

II-TOPO® using the Zero Blunt® TOPO® PCR cloning kit (Invitrogen, Carlsbad, CA, USA)

according to the manufacturer's instructions. Recombinant plasmids containing the GFP gene

were purified using the Quantum Prep® Plasmid Miniprep Kit (Bio-Rad, Hercules, CA, USA)

according to the manufacturer's instructions and analysed by restriction digest with the restriction

endonucleases BamHI and BspHl (New England Biolabs, Beverly, MA, USA) according to the

manufacturer's recommendations. Digested plasmid DNA was separated on a 1% (w/v) agarose

gel with TAE-buffer (40 mM Tris-acetate, 1 mM ethylenediaminetetraacetic acid (EDTA)),



stained with ethidium bromide and visualised under UV irradiation. Three bands were visible

and the smallest one (approximately 700 bp in size) was cut out and placed into a centrifuge tube.

The DNA was eluted from the gel slice by addition of 0.5 M sodium chloride (NaCl) solution and

subsequent incubation for 30 min at room temperature. The gel slice was placed in a standard

spin column (Bio-Rad), frozen for 10 min at -20°C and then spun for 13 min at room temperature

and 15 000 x g. The flowthrough was recovered and the DNA precipitated using standard

techniques described in Sambrook et aL (Sambrook et al., 1989). The final DNA pellet was

resuspended in 20 microlitres of water.

The FtsZ gene was amplified from E. coli genomic DNA by PCR with primers

incorporating endonuclease restriction sites and sequences encoding linker polypeptides

immediately upstream and downstream of the gene. The full sequence of the FtsZ gene can be

found in Figure 2. The PCR-conditions were as follows: 20 ng of E. coli genomic DNA was used

as a template. The PCR-buffer contained 10 mM Tris-HCl (pH 9 at 25°C), 50 mM KC1 and 0.1

% (v/v) Triton® X-100, 2.5 mM MgCl2 , 0.4 mM of dNTP, 1 unit Taq DNA polymerase

(Promega) and 0.1 unit of P/w-polymerase (Promega) in a 20 microlitre reaction volume. The

PCR-primers were FFNde (5' GGCATATGTTTGAACCAATGGAAC 3') [SEQ ID No. 6]

incorporating a Ndel site (underlined) and FRNco (5'

GTCCATGGGCCCTTGAAATAGTACTTC 3') [SEQ ID NO. 7] incorporating a Ncol site

(underlined) and were added at a concentration of 0.5 micromolar. An additional primer FRL (5'

GGGCCCTTGAAATAGTACTTCTAGATCAGCTTGCTTACGCAGG 3') [SEQ ID NO. 8]

was added at a concentration of 2.5 picomolar. The PCR reaction mixture (without the DNA

polymerase) was heated to 95°C for 1 min and then at 80°C for 1 min at which point the DNA

polymerase mix was added. The mixture was then heated for 30 cycles at 95°C for 15 sec, 55°C



for 20 sec and 72°C for 2 min. A final 7 min cycle at 72°C followed this. One microliter of the

reaction mix was cloned into the vector pCR®-Blunt II-TOPO® using the Zero Blunt® TOPO®

PCR cloning kit (Invitrogen) according to the manufacturer's instructions. Recombinant

plasmids containing the FtsZ gene were purified using the Quantum Prep® Plasmid Miniprep Kit

(Bio-Rad) according to the manufacturer's instructions and analysed by restriction digest with the

restriction endonucleases Ndel and Ncol (New England Biolabs) according to the manufacturer's

recommendations. Digested plasmid DNA was separated on a 1% (w/v) agarose gel with

TAE-buffer, stained with ethidium bromide and visualised under UV irradiation. Four bands

were visible and the second smallest one (approximately 1200 bp in size) was cut out and placed

into a centrifuge tube. The DNA was eluted from the gel slice by addition of 0.5 M NaCl

solution and subsequent incubation for 30 min at room temperatures. The gel slice was placed

into a standard spin column (Bio-Rad), frozen for 10 min at -20°C and then spun for 13 min at

room temperature and 15 000 x g. The flowthrough was recovered and the DNA precipitated

using standard techniques as described previously (Sambrook et aL, 1989). The final DNA pellet

was resuspended in 20 microlitres of water.

The vector backbone was generated by digesting the plasmid pTYB 1 (New England

Biolabs) with the restriction enzymes Ndel and Bam HI (both New England Biolabs) according to

the manufacturer's recommendations. This releases both a 1.4 kb fragment and a 5.8 kb fragment

- the latter which contains all the necessary elements for selection, replication, induction and

expression. A plasmid map is shown in Figure 3.

Digested plasmid DNA was separated on a 1% (w/v) agarose gel with TAE-buffer,

stained with ethidium bromide and visualised under UV irradiation. Two bands were visible and

the larger one (approximately 5.8 kb in size) was cut out and the agarose slice placed into a



centrifuge tube. The DNA was eluted from the gel slice by addition of 0.5 M sodium chloride

(NaCl) solution and subsequent incubation for 30 min at room temperatures. The gel slice was

placed into a standard spin column (Bio-Rad), frozen for 10 min at -20°C and then spun for 13

min at room temperature and 15 000 x g. The flowthrough was recovered and the DNA

precipitated using techniques as described previously (Sambrook et al., 1989). The final DNA

pellet was resuspended in 20 microlitres of water. The vector DNA was subsequently

dephosphorylated using Shrimp Alkaline Phosphatase (Roche, Basel, Switzerland) according to

the manufacturer's recommendations.

Ligation of the digested and purified GFP DNA fragment, FtsZ DNA fragment and

pTYBl DNA fragment was performed as follows. Fifteen nanograms of dephosphorylated

pTYB 1 fragment was ligated with 5 ng of the GFP DNA fragment and 5 ng of FtsZ DNA

fragment in a 10 microlitre volume using T4 DNA ligase and ligation buffer (New England

Biolabs) according to the manufacturer's recommendations. Ligation was performed overnight at

14°C and the reaction stopped by a 10 min incubation at 65°C. Five microlitres of the ligation

mixture was transformed into chemical-competent E. coli XLIO-Gold® cells (Stratagene, La

Jolla, CA, USA) according to the manufacturer's recommendations. Recombinant plasmids

containing the GFP gene fused to the FtsZ gene were purified using the Quantum Prep® Plasmid

Miniprep Kit (Bio-Rad) according to the manufacturer's instructions and checked by restriction

digestion with the restriction endonucleases Ndel and BamHI (New England Biolabs) according

to the manufacturer's recommendations. Digested plasmid DNA was separated on a 1% (w/v)

agarose gel with TAE-buffer, stained with ethidium bromide and visualised under UV irradiation.

Two bands with sizes of 5.8 and 1.9 kb were detected corresponding to the vector backbone and



the fusion between the FtsZ gene and GFP gene, respectively. The entire DNA sequence of the

insert DNA was determined by DNA sequencing. The resulting vector was termed pZTAGGFP.

(b) Expression and Purification of the Hybrid Polypeptide (FtsZ fused to GFP)

The plasmid pZTAGGFP was transformed into E. coli strain ER2556 (genotype: F X'

fhuA2 [Ion] ompT lacZ::T7 genel gal sulAll A(mcrC-mrr)ll::IS10 R(mcr-73::miniTnlO)2

R(zgb-210::TnlO)l (TetS) endAl [dcm]; New England Biolabs) prepared and transformed by

standard techniques as described in Sambrook et al (Sambrook et al. y 1989). Transformed cells

were selected on LB agar plates (10 g/L NaCl, 10 g/L tryptone, 5 g/L yeast extract, 15g/L agar)

containing 100 mg/L ampicillin. After overnight incubation at 37°C a single ampicillin-resistant

colony from the transformation plate was used to inoculate 2 mL of liquid LB-medium (10 g/L

NaCl, 10 g/L tryptone, 5 g/L yeast extract) containing 100 mg/L ampicillin. After overnight

incubation at 37°C 200 microlitres of this culture was used to inoculate a 20 mL culture of liquid

LB-medium containing 100 mg/L ampicillin. At an optical density at 610 nm (OD610) of 0.4-0.5

isopropyl p-D-thiogalactopyranoside (IPTG) was added to the culture to give a final

concentration of 1 millimolar. The culture was shifted from 37°C to 14°C and incubated for 16 h.

After incubation the cells were harvested by centrifugation at 4°C for 2 min at 3500 x g.

The culture supernatant was removed and the cell pellet resuspended in lmL of 50 mM Tris-HCl

(pH 7.5), 10% (v/v) glycerol and 1 mM phenylmethylsulfonyl fluoride (PMSF). The cells were

lysed by 4 x 15 sec sonication using a Branson Microtip Sonicator at duty setting 80% and output

level 2. The cell lysate was cleared from intact cells and large, insoluble material (such as cell

membranes) by 20 min centrifugation at 4°C and 20000 x g. The pellet was discarded and the

supernatant was adjusted to 1 mM MgCl2 , 20 mM calcium chloride (CaCl2) and 1 mM GTP. The

supernatant was incubated for 30 min at 37°C and then centrifuged for 20 min at 4°C and 20,000



x g. The supernatant was discarded and the pellet containing the polymerised hybrid polypeptide

was resuspended in 1 mL of 50 mM Tris-HCl (pH 7.5) and 10% (v/v) glycerol. The suspension

was incubated for 30 min on ice and then centrifuged for 20 min at 4°C and 20,000 x g. The

supernatant containing the dissociated hybrid polypeptide was recovered and the pellet

resuspended in 1 mL water.

To release the polypeptide of interest from the hybrid polypeptide, 50 microlitres of the

purified protein was incubated with 2 units of Prescission™ protease (Amersham Pharmacia,

Piscataway, NJ, USA) and the addition of 1 mM dithiothreitol (DTT) for 16 h at 15°C. The

Prescission protease™ is a recombinant human rhinovirus protease 3C and cleaves the amino

acid sequence Leu-Glu-Val-Leu-Phe-Gln-Gly-Pro after the glutamine residue. This amino acid

sequence is part of the linker polypeptide between the FtsZ and the GFP protein produced in the

above manner (see Figure 4).

During the purification procedure samples were taken at all stages and analysed by

discontinuous sodium dodecyl sulfate -polyacrylamide gel electrophoresis (SDS-PAGE) as

described by Laemmli, (Laemmli, 1970) and Deutscher (Deutscher, 1990). The gel was stained

with Coomassie Brilliant blue R250 using standard protocol as described by Ausubel et al.

(Ausubel etal, 1994).

Figure 5 shows the extent of purification. Lane 1 shows that the cleared cell lysate

contains a strongly overexpressed band (see arrow) of estimated molecular weight of 67 kDa,

corresponding well with the combined mass of FtsZ (40.2 kDa) and GFP (27 kDa). Lane 2

shows the supernatant after the first centrifugation step and after addition of MgCl2 ,
CaCl2 and

GTP. Lane 3 contains a sample of the resuspended pellet after the first centrifugation step and

after addition of MgCl2 ,
CaCl2 and GTP and shows clearly that the hybrid polypeptide is purified



in the pellet. Lane 4 contains a sample of the supernatant after ice-incubation and the second

centrifugation and shows clearly that the hybrid polypeptide has been dissociated. Lane 5

contains a sample of the resuspended pellet after the second centrifugation and shows that the

hybrid polypeptide is no longer in the pellet. Lane 6 shows the cleavage of the hybrid

polypeptide through cleavage with Prescission™ protease.

EXAMPLE 2

This example describes the cloning, expressing and purifying of a hybrid polypeptide

(formed by fusion of human rhinovirus (HRV) protease 3C and E. coli FtsZ).

(a) Preparation of the Vector

The gene encoding the HRV protease 3C was fused with the gene encoding for FtsZ from

E. coli. One difference between this and the previous example (Example 1) is that a

non-cleavable linker polypeptide is employed. This chimeric construct is then cloned into a

modified vector based on the vector pTYBl (New England Biolabs).

The HRV protease 3C gene was amplified from the plasmid pLJl 1 1 containing the gene

by PCR (Leong et al.
9 1992). Primers were used to incorporate endonuclease restriction-sites

immediately upstream and downstream of the gene. The full sequence of the HRV protease 3C

gene can be found in Figure 6. The PCR-conditions were as follows: 1 pg of plasmid pLJl 1

1

was used as a template. The PCR buffer contained 10 mM Tris-HCl (pH 9 at 25°C), 50 mM KC1

and 0.1 % (v/v) Triton® X-100, 2.5 mM MgCl2 , 0.4 mM dNTP, 1 unit Taq DNA polymerase

(Promega) and 0.1 unit of Pfu DNA polymerase (Promega) in a 20 microlitre reaction volume.

The PCR-primers were 3CPNCO (5' CGCCATGGGACCAAACACAGAATTTGC 3') [SEQ ID

NO. 9] incorporating a Ncol site (underlined) and 3CPBAM (5'

GCGGATCCCTATTGTTTCTCTACAAAATATTG 3') [SEQ ID NO. 10] incorporating a



BamHI site (underlined) and were added to a final concentration of 0.5 micromolar. The PCR

reaction mixture (without the DNA polymerase mix) was heated to 95°C for 1 min and then at

80°C for 1 min at which point the DNA polymerase mix was added. The mixture was then

heated for 35 cycles at 95°C for 15 sec, 48°C for 10 sec and 72°C for 1 min. A final 7 min cycle

at 72°C followed this. One microlitre of the reaction mix was cloned into the vector pCR®-Blunt

II-TOPO® using the Zero Blunt® TOPO® PCR cloning kit (Invitrogen) according to the

manufacturer's instructions. Recombinant plasmids containing the HRV protease 3C gene were

purified using the Quantum Prep® Plasmid Miniprep Kit (Bio-Rad) according to the

manufacturer's instructions and analysed by restriction digest with the restriction endonuclease

BamHI and Ncol (New England Biolabs) according to the manufacturer's recommendations.

Digested plasmid DNA was separated on a 1% (w/v) agarose gel with TAE-buffer, stained with

ethidium bromide and visualised under UV irradiation. Four bands were visible and the second

smallest one (approximately 500 bp in size) was cut out and placed into a centrifuge tube. The

DNA was eluted from the gel slice by addition of 0.5 M NaCl solution and subsequent incubation

for 30 min at room temperature. The gel slice was placed into a standard spin column (Bio-Rad),

frozen for 10 min at -20°C and then spun for 13 min at room temperature and 15 000 x g. The

flowthrough was recovered and the DNA precipitated using standard techniques as described

previously (Sambrook et al.
y 1989). The final DNA pellet was resuspended in 20 microlitres of

water.

The FtsZ gene was amplified from E, coli genomic DNA by PCR with primers

incorporating endonuclease restriction sites and a linker sequence immediately upstream and

downstream of the gene. The full sequence of the FtsZ gene can be found in Figure 2. The PCR

conditions were as follows: 20 ng of E. coli genomic DNA were used as a template. The



PCR-buffer contained 10 mM Tris-HCl (pH 9 at 25°C), 50 mM KC1 and 0.1 % (v/v) Triton®

X-100, 2.5 mM MgCl2 , 0.4 mM dNTP, 1 unit Taq DNA polymerase (Promega) and 0.1 unit of

Pfu DNA polymerase (Promega) in a 20 microlitre reaction volume. The PCR-primers were

FFNde (5' GGCATATGTTTGAACCAATGGAAC 3') [SEQ ID NO. 11] incorporating a Ndel

site (underlined) and FTSNco (5' CGCCATGGCAGCTTGCTTACGCAGG 3') [SEQ ID NO.

12] incorporating a Ncol site (underlined) and were added to a final concentration of 0.5

micromolar. The PCR reaction mixture (without the DNA polymerase mix) was heated to 95°C

for 1 min and then at 80°C for 1 min at which point the DNA polymerase mix was added. The

mixture was then heated for 30 cycles at 95°C for 15 sec, 55°C for 20 sec and 72°C for 2 min

followed by a final 7 min cycle at 72°C. One microlitre of the reaction mix was cloned into the

vector pCR®-Blunt II-TOPO® using the Zero Blunt® TOPO® PCR cloning kit (Invitrogen)

according to the manufacturer's instruction. Recombinant plasmids containing the FtsZ gene

were purified using the Quantum Prep® Plasmid Miniprep Kit (Bio-Rad) according to the

manufacturer's instructions and analysed by restriction digest with the restriction endonuclease

Ndel and Ncol (both New England Biolabs) according to the manufacturer's recommendations.

Digested plasmid DNA was separated on a 1% (w/v) agarose gel with TAE-buffer, stained with

ethidium bromide and visualised under UV irradiation. Four bands were visible and the second

smallest one (approximately 1200 bp in size) was cut out and placed into a centrifuge tube. The

DNA was eluted from the gel slice by addition of 0.5 M NaCl solution and subsequent incubation

for 30 min at room temperature. The gel slice was placed into a standard spin column (Bio-Rad),

frozen for 10 min at -20°C and then spun for 13 min at room temperature and 15 000 x g. The

flowthrough was recovered and the DNA precipitated using standard techniques as described



previously (Sambrook et aL, 1989). The final DNA pellet was resuspended in 20 microlitres of

water.

The vector backbone was generated by digesting the plasmid pTYBl (New England

Biolabs) with the restriction enzymes Ndel and BamHL This causes a release of a 1.4 kb

fragment and a 5.8 kb fragment - the latter containing all the necessary elements for selection,

replication, induction and expression. A plasmid map is shown in Figure 3. The 5.8kbp DNA

fragment was purified and processed as described in example 1

.

Ligation of the digested and purified HRV protease 3C DNA fragment, FtsZ DNA

fragment and pTYBl fragment were performed as follows. Fifteen nanograms of

dephosphorylated pTYBl fragment was ligated with 2.5 ng of HRV protease 3C DNA fragment

and 5 ng of FtsZ DNA fragment in a 10 microliter volume using T4 DNA-ligase and ligation

buffer (New England Biolabs) according to the manufacturer's recommendations. Ligation was

performed overnight at 14°C and stopped by 10 min incubation at 65°C. Five microliter of the

ligation mixture was transformed into chemical-competent E. coli XLIO-Gold® cells (Stratagene)

according to the manufacturer's recommendations. Recombinant plasmids containing the HRV

protease 3C gene fused to the FtsZ gene were purified using the Quantum Prep® Plasmid

Miniprep Kit (Bio-Rad) according to the manufacturer's instruction and checked by restriction

digest with the restriction endonucleases Ndel and BamHI (New England Biolabs) according to

the manufacturer's recommendations. Digested plasmid DNA was separated on a 1% (w/v)

agarose gel with TAE-buffer, stained with ethidium bromide and visualised under UV irradiation.

Two bands with sizes of 5.8 kb and 1.7 kb were detected corresponding to the vector backbone

and the fusion between the FtsZ gene and HRV protease 3C gene, respectively. The complete



insert was sequenced and the results are shown in Figure 7. The resulting vector was termed

pZTAG3CP.

(b) Expression and Purification of the Hybrid Polypeptide comprising HRV protease 3C

and GFP

The plasmid pZTAG3CP was transformed into chemical competent E. coli BL21 (DE3)

cells (genotype: E. coli B F dcm ompT hsdS(rB- mB-) gal K(DE3)) containing the plasmid pLysS

(encoding for T7 lysozyme, a natural inhibitor of T7 RNA-polymerase). The cells were prepared

and transformed by standard techniques as described in Sambrook et al (Sambrook et al, 1989).

Transformed cells were selected on LB agar plates containing 100 mg/L ampicillin and 32 mg/L

chloramphenicol. After overnight incubation at 37°C a single ampicillin and

chloramphenicol-resistant colony from the transformation plate was used to inoculate 2 mL of

liquid LB-medium containing 100 mg/L ampicillin and 32 mg/L chloramphenicol. After

overnight incubation at 37°C 200 microliter of this culture was used to inoculate a 20 mL culture

of liquid LB-medium containing 100 mg/L ampicillin and 32 mg/L chloramphenicol. At an

optical density at 610 nm (OD610) of 0.4-0.5 isopropyl 0-D-thiogalactopyranoside (IPTG) was

added to the culture to give a final concentration of 1 mM. The culture was shifted from 37°C to

30°C and incubated for 2 h.

After incubation the cells were harvested by centrifugation at 4°C for 2 min at 3500 x g.

The culture supernatant was removed and the cell pellet resuspended in 1 mL of 50 mM Tris-HCl

(pH 7.5), 10% (v/v) glycerol, 1 mM PMSF and 1 mM DTT. The cells were lysed by 4 x 15 sec

sonication using a Branson Microtip Sonicator at duty setting 80% and output level 3. The cell

lysate was cleared from intact cells and large, insoluble material (such as cell membranes) by 20

min centrifugation at 4°C and 20000 x g. The pellet was discarded and the supernatant was



adjusted to 1 mM MgCl2 , 20 mM CaCl2 and 1 mM GTP. The supernatant was incubated for 30

min at 37°C and then centrifuged for 20 min at 4°C and 20000 x g. The supernatant was

discarded and the pellet containing the polymerised hybrid polypeptide was resuspended in 1 mL

of 50 mM Tris-HCl (pH 7.5), 10% (v/v) glycerol, 1 mM PMSF and 1 mM DTT. The suspension

was incubated for 30 min on ice and then centrifuged for 20 min at 4°C and 20,000 x g. The

supernatant containing the dissociated hybrid polypeptide was recovered and the pellet

resuspended in 1 mL water.

During the purification procedure samples were taken at all stages and analysed by

SDS-PAGE as described by Laemmli (Laemmli, 1970) and Deutscher (Deutscher, 1990). The

gel was stained with Coomassie Brilliant blue R250 using standard protocol as described in

Ausubel etal (Ausubel et a/., 1994).

Figure 8 shows the extent of purification of the hybrid polypeptide (HRV protease

3C/FtsZ fusion protein). Lane 1 shows that the cleared cell lysate contains a strongly

overexpressed band (see arrow) of estimated molecular weight of 60 kDa, corresponding well

with the combined mass of FtsZ (40.2 kDa) and HRP (20 kDa). Lane 2 shows the supernatant

after the first centrifugation step and after addition of MgCl2 ,
CaCl2 and GTP. Lane 3 contains a

sample of the resuspended pellet after the first centrifugation step and after addition of MgCl2 ,

CaCl2 and GTP and shows clearly that the hybrid polypeptide is purified in the pellet. Lane 4

contains a sample of the supernatant after ice-incubation and the second centrifugation and shows

clearly that the hybrid polypeptide has been dissociated.

EXAMPLE 3

This example describes the cleavage of a hybrid polypeptide (formed by fusion of green

fluorescent protein (GFP) and E. coli FtsZ) by a protease hybrid polypeptide (formed between



HRV protease 3C and E. coli FtsZ) and the subsequent removal of released E. coli FtsZ and the

protease hybrid polypeptide from the released GFP (a representative polypeptide of interest).

In this example a hybrid polypeptide having a linker polypeptide comprising a protease

recognition site is cleaved by a "protease hybrid polypeptide". The self-polymerising properties

of FtsZ were subsequently used to remove the protease hybrid polypeptide from the released

polypeptide of interest (GFP).

A hybrid polypeptide comprising E. coli FtsZ (polymerisable polypeptide), Aequorea

victoria GFP (the polypeptide of interest) and a cleavable linker polypeptide was purified as

described in Examples 1 and 2. A protease hybrid polypeptide comprising E. coli FtsZ and HRV

protease 3C containing no cleavable linker was also purified as described in Examples 1 and 2.

Twenty microliters each of the purified hybrid polypeptide and purified protease hybrid

polypeptide were mixed and incubated for 16 h at 15°C.

Twenty microliters of the protease digest were then adjusted to 1 mM MgCl2 , 20 mM Ca

Cl2 and 1 mM GTP. The supernatant was incubated for 30 min at 37°C and then centrifuged for

20 min at 4°C and 20000 x g. The supernatant was removed and the pellet containing the

polymerised protease hybrid polypeptide was resuspended in 20 microliters of 50 mM Tris-HCl

(pH 7.5) and 10% (v/v) glycerol.

During the procedure samples were taken at all stages and analysed by SDS-PAGE as

described for Examples 1 and 2.

Figure 9 shows the cleavage of the hybrid polypeptide and the removal of the protease

hybrid polypeptide. Lane 1 and 2 show the purified hybrid polypeptide and protease hybrid

polypeptide, respectively (see arrows). Lane 3 contains a sample of the protease treatment before

the addition of MgCl2 ,
CaCl2 and GTP. Lane 4 contains a sample of the supernatant after the



centrifugation and addition of MgCl2 ,
CaCl2 and GTP and shows the purified GFP-protein at 27

kDa (see lowest arrow). Lane 5 contains a sample of the resuspended pellet after centrifugation

and addition of MgCl2 ,
CaCl2 and GTP. This demonstrates that the protease hybrid polypeptide

(top arrow) and the cleaved FtsZ protein (middle arrow) have been selectively polymerised and

removed.

Although the invention has been described with reference to specific Examples, it will be

appreciated by those skilled in the art that the invention may be embodied in many other forms.


